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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a process for the polymerization of conjugated diolefins and more particularly to 

a polymerization process whereby a polybutadiene having a high cis-1 ,4-content is produced in the presence of a 
catalyst system based on a rare earth metal carboxylate that exhibits high activity. 

BACKGROUND OF THE INVENTION 

10 

The use of rare earth compounds as components of organo-metallic mixed catalyst systems for the stereospecific 
polymerization of 1 ,3-butadiene to afford a polybutadiene with a high cis-1 ,4-structure has been known for a long time. 
For example, U.S. Patent 4,260,707 discloses a catalyst that may be used for polymerizing diene monomers in solution 
comprises (a) a reaction mixture formed by reacting a rare earth carboxylate and an aluminum compound wherein 
'5 there are three hydrocarbon residues having from 1 to20carbon atoms attached to the aluminum, (b)atrialkyl aluminum 
and/or a dialkyl aluminum hydride and (c) a Lewis acid. 

An improved process for preparing conjugated diolefin polymers or copolymers having a high content of 1 ,4-cis- 
units and high chain linearity is disclosed in U.S. Patent Number 4,444,903. In this process a catalytic system prepared 
from (a) at least one carboxylate or alcoholate of a rare earth element, (b) a tertiary organic halide and (c) an organo 
20 metallic aluminum compound not containing halide ions of the formula: R a R b AIR c in which R a and R b are alkyl residues 
and R c is hydrogen or an alkyl radical. 

Another example of the use of an organometallic mixed catalyst system containing a rare earth compound for 
producing a conjugated diene polymer is disclosed in U.S. Patent Number 4,461,883. The process is characterized 
by polymerizing at least one conjugated diene with a catalyst consisting of (A) a reaction product of a Lewis base and 
25 a carboxylate of a rare earth element of the lanthanum series represented by AIR 2 R 3 R 4 wherein R 2 ,R 3 , and R 4 which 
may be identical or different represent hydrogen or alkyl substituents, although R 2 ,R 3 , and R 4 may not all be hydrogen 
at the same time and (C) an alkyl aluminum halide represented by AI^R 5 ^ wherein X is a halide, R 5 is an alkyl group 
and n has the value of 1 , 1 .5, 2 or 3 and (D) optionally a conjugated diene. 

U.S. Patent Number 4,533,711 discloses that a polybutadiene rubber composition comprising a polybutadiene 
30 having a cis-1 ,4-content of at least 70 per cent, an average chain length of 110 to 450 cis-1 ,4-units, a molecular weight 
distribution of at least 5.0 and containing at least 1 per cent by weight of a component having a molecular weight of 
not less than 25,000,000 is produced by polymerizing 1,3-butadiene in the presence of a catalyst system containing 
the compounds I to III as essential ingredients; (I) a compound of a lanthanum series rare earth element; (II) a trialkyl 
aluminum compound; and (III) a halogenated aluminum compound represented by a general formula of AIX n R 3 . n where- 
as in X is a halogen atom, R is a hydrocarbon residue and n is 1 to 3; until the degree of conversion of 1,3-butadiene 
reaches at least 3 per cent and then adding at least one compound selected from organo aluminum hydrides repre- 
sented by a general formula of AIH m R 3 . m wherein R is a hydrocarbon residue and m is 1 or 2 and aromatic hydrocarbons 
containing active hydrogen as a modifier. 

However, the foregoing catalyst systems are not without their disadvantages in that some of the catalyst systems 
40 are very difficult to dissolve in the hydrocarbon solvents which are commonly employed as the reaction solvent for 
polymerization of 1 ,3-butadiene. Moreover, the catalytic activity of some of the catalyst systems is not particularly high 
which is a disadvantage in industrial use. 

SUMMARY OF THE INVENTION 

45 

It is an object of this invention to provide a process for the preparation of a high molecular polybutadiene having 
more than 96 per cent of the butadiene units present in the cis-1 ,4-structure using a catalyst system based on a rare 
earth compound that exhibits improved catalytic activity. 

Thus, in accordance with the present invention there is provided a process for producing a high molecular weight 

50 rubbery polybutadiene having a Mooney (ML1+4 @ 100°C) of at least 20.3 and having more than 96 per cent of the 
butadiene units present in the cis-1 ,4-structure which process comprises the steps of: (A) polymerizing 1 ,3-butadiene 
in a polymerization medium comprising an inert hydrocarbon which is a solvent at least for the 1 ,3-butadiene and the 
catalyst system at a temperature of from 0°C to 120°C in the presence of a catalyst system dissolved in said polym- 
erization medium, said catalyst system being a mixture of (1) a rare earth carboxylate represented by the formula Nd 

55 (R 1 C0 2 ) 3 wherein Nd represents the rare earth element neodymium and R 1 CO a represents a residue of a carboxylic 
acid having from 4 to 1 2 carbon atoms, (2) an alkyl aluminum chloride compound selected from the group consisting 
of compounds represented by the formulae R 2 AiCI 2 , R 2 3 AI 2 CI 3 and R 2 2 AICI wherein R 2 is a hydrocarbon residue having 
from 8 to 1 2 carbon atoms and (3) an organo aluminum compound of the formula R 3 2 AIH wherein R 3 is an alkyl group 
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having from 2 to 6 carbon atoms, the ratio of the mols of said rare earth carboxylate to the mols of said alkyl aluminum 
chloride compound plus said organo aluminum compound being in the range of from 1:1.5 to 1:100, (B) continuing the 
polymerization thus initiated to the monomer conversion desired and (c) thereafter deactivating the polymerization and 
recovering the polybutadiene. 

s 

DETAILED DESCRIPTION OF THE INVENTION 

Now, in accordance with the present invention it has been found that a hydrocarbon soluble catalyst system pre- 
pared by combining three essential compounds namely (1) a rare earth carboxylate, (2) an alkyl aluminum chloride 

10 compound wherein the alkyl group has from 8 to 12 carbon atoms and (3) an organo aluminum compound, is highly 
active in the polymerization of 1 ,3-butadiene affording a polybutadiene having more than 96 per cent of the butadiene 
units present in the cis-1,4-structure. 

The rare earth carboxylates useful in the production of catalysts of this invention are represented by the formula 
Nd(R 1 C0 2 )3 in which Nd represents the rare earth element neodymium and R 1 represents a hydrocarbon group having 

is from 4 to 11 carbon atoms. The group represented by R 1 C0 2 is a residue of a carboxylic acid of which suitable non- 
limiting examples for use in the formation of the rare earth carboxylates are pentanoic acid, 2,2<Jimethyl propanoic 
acid (pivalic acid), hexanoic acid, cyclohexanoic acid, heptanoic acid, octanoic acid, 2-ethylhexanoic acid, 2,2-dimethyl 
hexanoic acid, nonanoic acid, decanoic acid and versatic acid which is variously described as being tert-decanoic acid 
or a mixture of branched carboxylic acids wherein R 1 has the value of 8 to 10. Preferably the group represented by 

20 R 1 C0 2 in the formula Nd(R 1 C0 2 ) 3 for the rare earth carboxylate is a residue of a carboxylic acid selected from the 
group consisting of 2,2-dimethyl propanoic acid (pivalic acid), 2-ethylhexanoic acid and versatic acid and most prefer- 
ably the group represented by R 1 C0 2 is a residue of versatic acid. 

The alkyl aluminum chloride compound that is suitable for use in the catalyst system is selected from the group 
consisting of compounds represented by the formulae R 2 AICI 2 , R 2 3 AI 2 CI 3 and R 2 2 AICI wherein R 2 is a hydrocarbon 

25 residue having from 8 to 12 carbon atoms. Groups which may be represented by R 2 are exemplified by the straight 
and branched chain aliphatic hydrocarbon groups such as octyl, 2-ethylhexyl, nonyl, decyl, undecyl, and dodecyl. 
Illustrative nonlimiting examples of suitable alkyl aluminum chloride compounds include dioctyl aluminum chloride, 
octyl aluminum sesquichloride, octyl aluminum dichloride, didecyl aluminum chloride, decyl aluminum sesquichloride, 
decyl aluminum dichloride, didodecyl aluminum chloride, dodecyl aluminum sesquichloride, and dodecyl aluminum 

30 dichloride. The preferred alkyl aluminum chloride compound for use in the catalyst system is selected from the group 
consisting of dioctyl aluminum chloride, octyl aluminum sesquichloride, octyl aluminum dichloride, didodecyl aluminum 
chloride, dodecyl aluminum sesquichloride and dodecyl aluminum dichloride; dioctyl aluminum chloride, octyl aluminum 
sesquichloride and octyl aluminum dichloride being preferred more, and octyl aluminum sesquichloride being the alkyl 
aluminum chloride compound of choice. 

35 in the practice of the process of the present invention it has been found, that although when there is a mixture of 

both a sterically larger group such as an octyl group and a sterically smaller group such as an ethyl group in the alkyl 
aluminum chloride compound, the activity of the catalyst system is somewhat improved relative to the activity of the 
catalyst system wherein there is only a sterically small group such as the ethyl group present in the alkyl aluminum 
chloride compound, the activity is not improved as much as when there are only sterically larger groups present in the 

40 organo aluminum chloride compound. 

The third component that is appropriate for use in the catalyst system is an organo aluminum compound repre- 
sented by the formula R 3 2 AIH wherein R 3 is an alkyl group having from 2 to 6 carbon atoms. Illustrative nonlimiting 
examples of such compounds include diethyl aluminum hydride, dipropyl aluminum hydride, diisopropyl aluminum 
hydride, dibutyl aluminum hydride, diisobutyl aluminum hydride, dipentyl aluminum hydride, and dihexyl aluminum 

45 hydride. The preferred organo aluminum compound for use in the catalyst system is selected from the group consisting 
of diethyl aluminum hydride, diisopropyl aluminum hydride and diisobutyl aluminum hydride, diisobutyl aluminum hy- 
dride being the compound that is the most preferred. 

The ratio of the mols of the rare earth carboxylate to the mols of the alkyl aluminum chloride compound plus said 
organo aluminum compound is in the range of from 1:1.5 to 1:100, preferably from 1:1.5 to 1:60. 

50 The ratio of the mols of the rare earth carboxylate to the mols of the alkyl aluminum chloride compound is preferably 

in the range of from 1:0.5 to 1:10, more preferably in the range of from 1:1 to 1:5. 

The ratio of the mols of rare earth carboxylate to the mols of organo aluminum compound is preferably in the range 
of from 1:1 to 1:50, more preferably in the range of from 1:2 to 1:20. 

The process of the present invention is carried out in a polymerization medium containing an inert hydrocarbon 

55 which is a solvent at least for the 1 ,3-butadiene and the catalyst system. Suitable inert hydrocarbons for use as the 
polymerization medium include aliphatic, cycloaliphatic, aromatic and monoolefinic hydrocarbons and mixtures thereof. 
More specifically suitable hydrocarbons are those selected from the group consisting of C 4 to C 8 aliphatic hydrocarbons, 
C 5 to C 10 cyclic aliphatic hydrocarbons, C 6 to C 9 aromatic hydrocarbons, C 4 to C 6 monoolefinic hydrocarbons and 
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mixtures thereof. Illustrative nonlimiting examples of the aforementioned hydrocarbons include butane, pentane, hex- 
ane, heptane, cyclopentane, cyclohexane, benzene, toluene, xylene, butene-1 and pentene-1. Preferably the process 
of the present invention is carried out in a polymerization medium that does not contain an aromatic hydrocarbon, that 
is the process is carried out in hydrocarbons selected from the group consisting of C 4 to C 8 aliphatic hydrocarbons, 

5 C 5 to C 10 cyclic aliphatic hydrocarbons and C 4 to C 6 monoolefinic hydrocarbons and mixtures thereof as the catalyst 
system exhibits the improved activity in such a polymerization medium. More preferably the inert hydrocarbon for use 
as the polymerization medium is selected from hexane and cyclohexane. 

The proportion or concentration of 1 ,3-butadiene in the polymerization medium can vary somewhat depending on 
the particular solvent or diluent medium employed. In most solvents in which both the 1,3-butadiene and the product- 

10 polymer are completely soluble, from 12 to 35 per cent by weight of the 1 ,3-butadiene, based on the total weight of 
the solution can be employed with the production of a flowable cement. 

To prepare the catalyst system, solutions of components (1), (2) and (3) may be mixed in any desired sequence 
in a suitable inert solvent with stirring. The same solvent as that used for the polymerization of the 1 ,3-butadiene may 
be used for preparation of the catalyst system. The temperature at which preparation of the catalyst system is carried 

is out may vary within a wide range and is generally limited by the melting point and the boiling point of the solvent used. 
Temperatures ranging from 0°C to 1 20°C are suitable. Preparation of the catalyst system may be carried out separately 
or, preferably, by the addition and mixing of catalyst components (2) and (3) with the polymerization reaction mixture 
followed by the addition of catalyst component (1). If desired, components (2) and (3) may be mixed together before 
they are added to the polymerization mixture. It is immaterial whether the 1 ,3-butadiene which is to be polymerized is 

20 added before or after the catalyst components or whether the 1,3-butadiene is added between the addition of one 
catalyst component and the addition of another catalyst component. 

The temperature at which the process of the present invention can be carried out can vary somewhat, temperatures 
in the range of from about 0°C to 120°C, the lower temperature limit being dictated more by the freezing point of the 
reaction medium rather than by the catalyst activity Normally the process of the present invention is conducted within 

25 a temperature range of from 40° C to 90° C. 

In accordance with the process of this invention, a high molecular weight polybutadiene having more than 96 per 
cent of the butadiene units present in the cis-1 ,4-configu ration is produced by polymerizing, in a reaction vessel provided 
with agitation, 1,3-butadiene dissolved in a polymerization medium comprising an inert hydrocarbon solvent in the 
presence of a catalyst system comprising (1) a rare earth carboxylate represented by the formula Nd(R 1 C0 2 ) 3 , (2) an 

30 aJkyl aluminum chloride compound wherein the alkyl groups attached to the aluminum are sterically large and (3) an 
organo aluminum compound of the formula R 3 2 AIH that exhibits improved activity. 

The polymerization may be carried out as a batchwise polymerization or as a continuous process polymerization, 
the procedure of continuous process polymerization being preferred with 1 ,3-butadiene and the catalyst system being 
continuously supplied to the reaction vessel. 

3S Without limiting in any way the scope of the invention, the process of the present invention may consist of combining 

1,3-butadiene with a mixture of inert hydrocarbons that comprise the polymerization medium. To this combination, 
there is then added a solution of an alkyl aluminum chloride compound and an organo aluminum compound and an 
organo aluminum compound. Following thorough agitation and a period of aging (if desired) the solution mixture can 
be conveniently introduced into one or a series of reaction vessels where the polymerization is to take place. The rare 

40 earth carboxylate may be added to the solution containing the 1 ,3-butadiene or directly where the polymerization is to 
occur. After the polymerization has reached the desired degree of conversion, the reaction mixture is treated with an 
agent that deactivates the catalyst, such agents being selected from water and alcohol. Catalyst residues may be 
removed by water washes and alcohol washes. The polymer may simultaneously be precipitated by the addition of 
alcohol or alcohol solvent mixtures that both destroy the catalyst and precipitate the polymer as a solid crumb which 

45 may be further washed with water or alcohol and subsequently dried by methods well known in the art. 

In the examples which illustrate the practice of this invention, the analytical techniques below were employed for 
the analysis of the high cis-1, 4-polybutadienes produced. 

The weight percentages of the cis-1 ,4-, the trans-1 ,4- and the vinyl-1,2-structures in the polybutadiene products 
were determined by Fourier Transform InfraRed (FTIR) Spectroscopy using polymeric films cast from solution on to 

50 potassium bromide plates. The areas of the absorbance peaks at 995 cm* 1 , 968 cm- 1 , 912 cm' 1 , 895 cnr 1 and 740 
cm* 1 were integrated and the weight percentages of the cis-1 ,4, trans-1 ,4 and vinyl-1 ,2-structures were then determined 
from empirically derived relationships. 

The Mooney viscosity of the product was determined according to ASTM method D-1646 and the dilute solution 
viscosity was obtained according to a modified version of ASTM method D-361 6 wherein the amount of sample used 

55 in the preparation of the polymeric solution was 0.3000 ± 0.0002 grams and the flow times of the polymeric solution 
and the solvent were determined at a temperature of 30 ± 0.02°C. 

1,3-Butadiene obtained from Union Carbide and Phillips pure grade hexane were purified by passage through a 
column packed with 4A (1 A = 0.1 nm) molecular sieves, followed by passage through a column packed with 13X 
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molecular sieves. A 20 weight per cent solution of diisobutyl aluminum hydride in hexane obtained from the Aldrich 
Chemical Company and the trial ky I aluminums obtained from Ethyl Corporation were used as received. An 18.6 weight 
per cent solution of neodymium versatate in hexane was prepared according to the procedure in U.S. Patent Number 
5,220,045 (Knauf et al to Bayer). 
5 The following examples are intended to illustrate specific embodiments of the invention and are not intended to 

limit the scope of the invention. 

Example 1 

JO This example illustrates the rate of polymerization of 1 ,3-butadiene using the catalyst system of the process of the 

present invention. 

A 10 weight per cent solution of octyl aluminum sesquichloride (Oct 3 AI 2 CI 3 ) in hexane was prepared by mixing 
octyl aluminum dichloride (6.33 g, 0.03 mol), a 25 weight per cent solution of trioctyl aluminum in heptane (14.67 g, 
0.01 mol) and hexane (79 g) together under an atmosphere of argon. 

is Three 1 litre glass bottles each capped with a 2 hole crown cap sealed with a fluorinated rubber gasket were each 

charged with hexane (425.0 g), 1 ,3-butadiene (75.0 g, 1 .39 mol) (15 per cent by weight of 1 ,3-butadiene based on the 
total weight of the 1 ,3-butadiene and the solvent), diisobutyl aluminum hydride (1 .75 ml, 1 .97 millimol) and the solution 
of the octyl aluminum sesquichloride (0.39 g, 0.0788 millimol) and the bottles containing the solutions placed in a water 
bath at a temperature of 60°C and shaken for 15 minutes in order to equilibrate the contents. To each solution there 

20 was then added a solution of the neodymium versatate (0.35 ml, 0.0825 millimol) and polymerization of the 1 ,3-buta- 
diene initiated. After 15 minutes the reaction mixtures in one of the bottles was treated with a mixture of methanol and 
water in order to deactivate the catalyst and coagulate the polybutadiene which was then dried in an oven under vacuum 
at a temperature of 60° C for 24 hours. The polybutadiene was analyzed for percentage conversion, Mooney viscosity, 
dilute solution viscosity and microstructure and the results are given in Table I. The reaction mixtures in the remaining 

25 two bottles were treated in a similar manner at the end of 30 minutes and 60 minutes respectively and the results are 
given in Table I. 

Example 2 

30 A reaction using the same procedure as in Example 1 was carried out with the exception that a 1 .0 molar solution 

of ethyl aluminum sesquichloride (Et 3 AI 2 CI 3 ) (0.78 g, 0.0788 millimol) in heptane was used in place of the solution of 
octyl aluminum sesquichloride. 
The results are given in Table I. 

35 Example 3 

A reaction using the same procedure as in Example 1 was carried out with the exception that a solution of ethyl 
octyl aluminum sesquichloride having the average composition (Et 2 (Pc^ 0 AI 2 0 CI 3 0 ) (1.33 g, 0.0788 millimol) in hex- 
anes was used in place of the solution of octyl aluminum sesquichloride. 
40 The ethyl octyl aluminum sesquichloride was prepared by mixing a 1 .0 molar solution of ethyl aluminum dichloride 

(150 ml, 0.15 mol), a 25.3 weight per cent solution of trioctyl aluminum in heptane (48.31 g, 0.03 mol) and a 1.0 molar 
solution of triethyl aluminum in cyclohexane (16.7 ml, 0.016 mol) together under an atmosphere of argon. 

The results of the polymerizations are given in Table I. 

45 Example 4 

A reaction using the same procedure as in Example 1 was carried out with the exception that a solution of ethyl 
octyl aluminum sesquichloride having the average composition (E^ sOct, 5 AI 2 0 CI 3 0 ) (1.43 g, 0.0788 millimol) in hep- 
tane/hexane was used in place of the solution of octyl aluminum sesquichloride. 
50 The ethyl aluminum sesquichloride was prepared by mixing together a 1 molar solution of ethyl aluminum dichloride 

(60 ml, 0.06 mol) with a 25.3 weight per cent solution of trioctylaluminum (28.99 g, 0.02 mol) in heptane under an 
atmosphere of argon. 

The results of the polymerizations are given in Table I. 

On comparing the results from Examples 1 through 4 in Table I, it can be seen that when there is complete sub- 
55 stitution of the ethyl group by the octyl group in the alkyl aluminum sesquichloride, the activity of the catalyst system 
is increased significantly, the percentage conversion of the 1 ,3-butadiene to high cis-1 ,4-polybutadiene after 30 minutes 
being comparable to the percentage conversion after 60 minutes when a portion or all of the alkyl group in the alkyl 
aluminum sesquichloride is the sterically small ethyl group. 
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The following examples describe the polymerizations of 1 ,3-butadiene using a catalyst system comprising neo- 
dymium versatate and either dioctyl aluminum chloride, octyl aluminum sesquichloride or octyl aluminum dichloride 
together with diisobutyl aluminum hydride. 

5 Example 5 

A 1 weight per cent solution of dioctyl aluminum chloride in hexane/heptane was prepared by mixing octyl aluminum 
dichloride (2.11 g, 0.01 mol), a 25.3 weight per cent solution of trioctyl aluminum (14.5 g, 0.01 mol) and hexane (561 
g) together under an atmosphere of argon. 

10 Two 1 litre glass bottles each capped with a 2 hole crown cap sealed with a fluorinated rubber gasket was charged 

with hexane (425 g), 1 ,3-butadiene (75.0 g, 1 .39 mol) (15 per cent by weight of 1 ,3-butadiene based on the total weight 
of the 1,3-butadiene and the solvent), diisobutyl aluminum hydride (1.75 ml, 1.97 millimol) and the solution of dioctyl 
aluminum chloride (6.8 g, 0.24 millimol) and the bottles containing the solutions placed in a water bath at a temperature 
of 60°C and shaken for 15 minutes in order to equilibrate the contents. To each solution there was then added a solution 

?5 of the neodymium versatate (0.35 ml, 0.0825 millimol) and polymerization of the 1 ,3-butadiene initiated. After 1 5 min- 
utes the reaction in one of the bottles was treated with a mixture of methanol and water in order to deactivate the 
catalyst and coagulate the polybutadiene which was then dried in an oven under vacuum at a temperature of 60°C for 
24 hours. The polybutadiene was analyzed for percentage conversion, Mooney viscosity, dilute solution viscosity and 
the results are given in Table II. The reaction mixture in the remaining bottle was treated in a similar manner at the end 

20 of 60 minutes and the results are given in Table II. 

Example 6 

A reaction using the same procedure as in Example 5 was carried out with the exception that a 1 weight per cent 
25 solution of octyl aluminum sesquichloride was used in place of the solution of dioctyl aluminum chloride. 

The 1 weight percent solution of octyl aluminum sesquichloride in hexane/heptane was prepared by mixing octyl 
aluminum dichloride (6.33 g, 0.03 mol), a 25.3 weight per cent solution of trioctyl aluminum in heptane (14.67 g, 0.01 
mol) and hexane (979 g) together under an atmosphere of argon. 

The results are given in Table II. 

30 

Example 7 

A reaction using the same procedure as in Example 5 was carried out with the exception that a 1 weight per cent 
solution of octyl aluminum dichloride in hexane was used in place of the solution of dioctyl aluminum. 
35 The results are given in Table II. 

Example 8 

A control reaction using the same procedure as in Example 5 was carried out with the exception that a 0.25 weight 
40 per cent solution of ethyl aluminum sesquichloride was used in place of the solution of dioctyl aluminum chloride. The 
results are given in Table II. 

From the results in Table II, it can be seen that when an octyl group is substituted for the ethyl group in diethyl 
aluminum chloride, ethyl aluminum sesquichloride or ethyl aluminum dichloride, the activity of the catalyst system is 
increased, from 10 percent to 35 percent more high cis-1 ,4-polybutadiene being produced after 15 minutes polymer- 
45 ization than when the alkyl aluminum chloride compound used in the catalyst system is ethyl aluminum sesquichloride. 
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Claims 

55 

1 . A process for the production of a high molecular weight rubbery polybutadiene having a Mooney (ML1+4 @ 1 00°C) 
of at least 20.3 and having more than 96 per cent of the butadiene units present in the cis-1,4 structure which 
process comprises the steps of: (A) polymerizing 1,3-butadiene in a polymerization medium comprising an inert 
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hydrocarbon which is a solvent at least for the 1 -3-butadiene and the catalyst system at a temperature of from 
to 120 a C in the presence of a catalyst system dissolved in said polymerization medium, said catalyst system being 
a mixture of (1) a rare earth carboxylate represented by the formula Nd(R 1 C0 2 ) 3 wherein Nd represents the rare 
earth element neodymium and R 1 C0 2 represents a residue of a carboxylic acid having from 4 to 1 2 carbon atoms, 
(2) an alkyl aluminum chloride compound selected from the group consisting of compounds represented by the 
formulae R 2 AICl 2 , R 2 3AI 2 CI 3 and R^^AICl wherein R 2 is a hydrocarbon residue having from 8 to 1 2 carbon atoms 
and (3) an organo aluminum compound of the formula R 3 2 AIH wherein R 3 is an alkyl group having from 2 to 6 
carbon atoms, the ratio of the mols of said rare earth carboxylate to the mols of said alkyl aluminum chloride 
compound plus said organo aluminum compound being in the range of from 1:1.5 to 1:100, (B) continuing the 
polymerization thus initiated to the monomer conversion desired and (C) thereafter deactivating the polymerization 
and recovering the polybutadiene. 

2. The process of Claim 1 wherein the group represented by R 1 C0 2 in the neodymium carboxylate is a residue of a 
carboxylic acid selected from the group consisting of 2,2-diethyl propanoic acid (pivalic acid), 2-ethyl-hexanoic 
acid and versatic acid. 

3. The process of Claim 1 wherein the alkyl aluminum chloride compound is represented by the formula R 2 3 AI 2 CI 3 
and R 2 is a hydrocarbon residue having 8 carbon atoms. 

4. The process of Claim 1 wherein the alkyl aluminum chloride compound is represented by the formula R 2 AICI 2 and 
R 2 is a hydrocarbon residue having 8 carbon atoms. 

5. The process of Claim 1 wherein the alkyl aluminum chloride compound is represented by the formula R^AICI and 
R 2 is a hydrocarbon residue having 8 carbon atoms. 

6. The process of Claim 1 wherein the alkyl group R 3 in the organo aluminum compound of the formula R^AIH has 
from 2 to 4 carbon atoms. 

7. The process of Claim 6 wherein the alkyl group R 3 having from 2 to 4 carbon atoms is selected from the group 
consisting of ethyl, isopropyl and isobutyl. 

8. The process of Claim 1 wherein the ratio of the mols of the rare earth carboxylate to the mols of alkyl aluminum 
chloride compound is in the range of from 1:0.5 to 1:10. 

9. The process of Claim 1 wherein the ratio of the mols of rare earth carboxylate to the mols of organo aluminum 
compound is in the range of from 1:1 to 1 : 50. 

10. The process of Claim 1 which comprises the steps of polymerizing (A) 1,3-butadiene in a polymerization medium 
comprising the said hydrocarbon solvent at a temperature of from 40°C to 90°C in the presence of a catalyst 
system dissolved in said hydrocarbon solvent, said catalyst system being (1 ) a rare earth carboxylate represented 
by the formula Nd(R 1 C0 2 ) 3 wherein the group represented by R 1 C0 2 is a residue of versatic acid, (2) an alkyl 
aluminum chloride compound represented by the formula R 2 3 AI 2 CI 3 wherein R 2 is a hydrocarbon residue having 
8 carbon atoms and (3) an organo aluminum compound of the formula R 3 2 AIH wherein the alkyl group R 3 is isobutyl, 
the ratio of the mols of said rare earth carboxylate to the mols of said alkyl aluminum chloride compound being 
the range of from 1 :0.5 to 1 : 1 0 and the ratio of the mols of said rare earth carboxylate to the mols of said organo 
aluminum compound being in the range of from 1 : 1 to 1 :50, (B) continuing the polymerization thus initiated to the 
monomer conversion desired and (C) thereafter deactivating the polymerization and recovering the polybutadiene. 



Patentanspruche 

1. Verfahren zur Herstellung eines hochmolekularen kautschukartigen Polybutadiens mit einer Mooney-Viskositat 
(ML1+4 bei 100°C) von wenigstens 20,3, bei dem mehr als 96% der Butadieneinheiten in der cis-1,4-Struktur 
vorliegen, wobei das Verfahren die Schritte umfaGt: 

(A) Polymerisieren von 1 ,3-Butadien in einem Polymerisationsmedium, das einen inerten Kohlenwasserstoff um- 
faGt, der wenigstens fur das 1,3-Butadien und das Katalysatorsystem ein Losungsmittel ist, bei einer Temperatur 
von 0°C bis 120°C in Gegenwart eines in dem Polymerisationsmedium gelosten Katalysatorsystems, wobei es 
sich bei dem Katalysatorsystem urn ein Gemisch von (1) einem Seltenerdmetallcarboxylat, das durch die Formel 
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Nd(R 1 C0 2 ) 3 dargestellt wird, wobei Nd das Seltenerdelement Neodym darstellt und R 1 C0 2 einen Rest einer Car- 
bonsaure mit 4 bis 12 Kohlenstoffatomen darstellt, (2) einer Alkylaluminiumchloridverbindung, die aus der Gruppe 
ausgewahlt ist, die aus Verbindungen besteht, die durch die Formeln R 2 AICl 2 , R 2 3 AI 2 CI 3 und R 2 2 AlCI dargestellt 
werden, wobei R 2 ein Kohlenwasserstoffrest mit 8 bis 1 2 Kohlenstoffatomen ist, und (3) einer Organoaluminium- 
s verbindung der Formel R 3 2 AIH, wobei R 3 eine Alkylgruppe mit 2 bis 6 Kohlenstoffatomen ist, handelt, wobei das 

Verhaltnis der Mole des Seltenerdmetallcarboxylats zu den Molen der Alkylaluminiumchloridverbindung plus der 
Organoaluminiumverbindung im Bereich von 1 : 1 ,5 bis 1 : 1 00 liegt, (B) Fortf uhren der auf diese Weise eingeleiteten 
Polymerisation bis zu der gewunschten Monomerumsetzung und (C) danach Desaktivieren der Polymerisation 
und Gewinnen des Polybutadiens. 
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2. Verfahren gemaG Anspruch 1, wobei die durch R 1 C0 2 dargestellte Gruppe in dem Neodymcarboxylat ein Rest 
einer Carbonsaure ist, die aus der Gruppe ausgewahlt ist, die aus 2,2-Diethylpropansaure (Pivalinsaure), 2-Ethyl- 
hexansaure und Versatinsaure besteht. 

15 3. Verfahren gemaG Anspruch 1 , wobei die Alkylaluminiumchloridverbindung durch die Formel R 2 3 AI 2 CI 3 dargestellt 
wird und R 2 ein Kohlenwasserstoffrest mit 8 Kohlenstoffatomen ist. 

4. Verfahren gemaG Anspruch 1 , wobei die Alkylaluminiumchloridverbindung durch die Formel R 2 AICl2 dargestellt 
wird und R 2 ein Kohlenwasserstoffrest mit 8 Kohlenstoffatomen ist. 

20 

5. Verfahren gemaG Anspruch 1 , wobei die Alkylaluminiumchloridverbindung durch die Formel R 2 2 AICI dargestellt 
wird und R 2 ein Kohlenwasserstoffrest mit 8 Kohlenstoffatomen ist. 

6. Verfahren gemaG Anspruch 1 , wobei die Alkylgruppe R 3 in der Organoaluminiumverbindung der Formel R^AIH 
25 2 bis 4 Kohlenstoffatome umfaGt. 

7. Verfahren gemaG Anspruch 6, wobei die Alkylgruppe R 3 mit den 2 bis 4 Kohlenstoffatomen aus der Gruppe aus- 
gewahlt ist, die aus Ethyl, Isopropyl und Isobutyl besteht. 

30 8. Verfahren gemaG Anspruch 1 , wobei das Verhaltnis der Mole des Seltenerdmetallcarboxylats zu den Molen der 
Alkylaluminiumchloridverbindung im Bereich von 1:0,5 bis 1:10 liegt. 

9. Verfahren gemaG Anspruch 1 , wobei das Verhaltnis der Mole des Seltenerdmetallcarboxylats zu den Molen der 
Organoaluminiumverbindung im Bereich von 1:1 bis 1:50 liegt, 
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10. Verfahren gemaG Anspruch 1, das die Schritte umfaGt: (A) Polymerisieren von 1,3-Butadien in einem Polymeri- 
sationsmedium, das das Kohlenwasserstoff-Losungsmittel umfaGt, bei einer Temperatur von 40°C bis 90°C in 
Gegenwart eines in dem Kohlenwasserstoff-Losungsmittel geldsten Katalysatorsystems, wobei es sich bei dem 
Katalysatorsystem urn (1 ) ein Seltenerdmetallcarboxylat, das durch die Formel Nd(R 1 C0 2 ) 3 dargestellt wird, wobei 

40 die durch R 1 C0 2 dargestellte Gruppe ein Rest von Versatinsaure ist, (2) eine Alkylaluminiumchloridverbindung, 

die durch die Formel R 2 3 AI 2 Ci 3 dargestellt wird, wobei R 2 ein Kohlenwasserstoffrest mit 8 Kohlenstoffatomen ist, 
und (3) eine Organoaluminiumverbindung der Formel R 3 2 AIH, wobei es sich bei der Alkylgruppe R 3 urn Isobutyl 
handelt, handelt, wobei das Verhaltnis der Mole des Seltenerdmetallcarboxylats zu den Molen der Alkylalumini- 
umchloridverbindung im Bereich von 1 :0,5 bis 1 : 10 liegt und das Verhaltnis der Mole des Seltenerdmetallcarboxy- 

45 lats zu den Molen der Organoaluminiumverbindung im Bereich von 1 :1 bis 1 :50 liegt, (B) Fortfuhren der auf diese 

Weise eingeleiteten Polymerisation bis zu der gewunschten Monomerumsetzung und (C) danach Desaktivieren 
der Polymerisation und Gewinnen des Polybutadiens. 



50 Revendications 

1 . Proc6d6 pour la production d'un polybutadiene caoutchouteux de haut poids moleculaire ayant une viscosity Moo- 
ney (ML1 +4 a 100°C) d'au moins 20,3 et comprenant plus de 96 % des motifs butadiene presents sous forme de 
la structure cis-1 ,4, proc6d6 qui comprend ies stapes consistant : 
55 (A) a polymeriser du 1 ,3-butadiene dans un milieu de polymerisation comprenant un hydrocarbure inerte qui 

est un solvant au moins pour le 1 ,3-butadiene et la formulation de catalyseur, a une temperature de 0°C a 1 20°C 
en presence d'une formulation de catalyseur dissoute dans ledit milieu de polymerisation, ladite formulation de 
catalyseur consistant en un melange ( 1 ) d'un carboxy late de terre rare repr6sente par la f ormule Nd(R 1 C0 2 ) 3 dans 
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laquelle Nd reprSsente I'SISment faisant partie des terres rares consistant en neodyme et R 1 C0 2 reprSsente un 
rSsidu d'un acide carboxylique ayant 4 a 12 atomes d8 carbone, (2) d'un chlorure d'alkylaluminium choisi dans le 
groupe consistant en composes reprSsentSs par les formules R 2 AICI 2 , R^AIgC^ et R 2 2 AICI dans lesquelles R 2 
reprSsente un rSsidu hydrocarbons ayant 8 a 12 atomes de carbone, et (3) d'un compose organique d'aluminium 
s de formule R 3 2 AIH dans laquelle R 3 represente un groupe alkyle ayant 2 a 6 atomes de carbone, le rapport du 

nombre de moles dudit carboxylate de terre rare au nombre de moles dudit chlorure d'alkylaluminium plus ledit 
compose organique d'aluminium Stant compris dans I'intervalle de 1 :1,5 a 1 :100, (B) a continuer la polymerisation 
ainsi declenchee jusqu'a la conversion de monomere desired, et (C) a dSsactiver ensuite la polymerisation et a 
recueillir le polybutadiene. 
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2. Precede suivant la revendication 1 , dans lequel le groupe represents par R 1 C0 2 dans le carboxylate de neodyme 
est un rSsidu d'un acide carboxylique choisi dans le groupe consistant en I'acide 2,2-diSthylpropanoTque (acide 
pivalique), I'acide 2-ethylhexanoique et I'acide versatique. 

75 3. ProcSdS suivant la revendication 1 , dans lequel le chlorure d'alkylaluminium est represents par la formule R 2 3 AI 2 CI 3 
et R 2 reprSsente un residu hydrocarbons ayant 8 atomes de carbone. 

4. ProcSdS suivant la revendication 1 , dans lequel le chlorure d'alkylaluminium est represents par la formule F?A\C\ 2 
et R 2 reprSsente un rSsidu hydrocarbons ayant 8 atomes de carbone. 
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5. ProcSdS suivant la revendication 1 , dans lequel le chlorure d'alkylaluminium est reprSsentS par la formule R 2 2 AICI 
et R 2 reprSsente un rSsidu hydrocarbons ayant 8 atomes de carbone. 

6. Precede suivant la revendication 1, dans lequel le groupe alkyle R 3 dans le composS organique d'aluminium de 
25 formule R 3 2 AIH a 2 a 4 atomes de carbone. 

7. ProcSdS suivant la revendication 6, dans lequel le groupe alkyle R 3 ayant 2 a 4 atomes de carbone est choisi entre 
les groupes Sthyle, isopropyle et isobutyle. 

30 8. ProcSdS suivant la revendication 1 , dans lequel le rapport du nombre de moles du carboxylate de terre rare au 
nombre de moles de chlorure d'alkylaluminium est compris dans I'intervalle de 1:0,5 a 1:10. 

9. ProcSdS suivant la revendication 1 , dans lequel le rapport du nombre de moles du carboxylate de terre rare au 
nombre de moles du composS organique d'aluminium est compris dans I'intervalle de 1 :1 a 1:50. 
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10. Precede suivant la revendication 1 , qui comprend les Stapes consistant (A) a polymSriser du 1 ,3-butadiene dans 
un milieu de polymSrisation comprenant le solvant hydrocarbons a une tempSrature de 40°C a 90°C en prSsence 
d'une formulation de catalyseur dissoute dans ledit solvant hydrocarbons, ladite formulation de catalyseur etant 
(1) un carboxylate de terre rare reprSsentS par la formule Nd(R 1 C0 2 ) 3 dans laquelle le groupe reprSsentS par 

40 R 1 C0 2 est un rSsidu d'un acide versatique, (2) un chlorure d'alkylaluminium reprSsentS par la formule R£ 3 AI 2 CI 3 

dans laquelle R 2 reprSsente un rSsidu hydrocarbons ayant 8 atomes de carbone, et (3) un composS organique 
d'aluminium de formule R 3 2 AIH dans laquelle le groupe alkyle R 3 est un groupe isobutyle, le rapport du nombre 
de moles dudit carboxylate de terre rare au nombre de moles dudit chlorure d'alkylaluminium etant compris dans 
I'intervalle de 1:0,5 a 1:10 et le rapport du nombre de moles dudit carboxylate de terre rare au nombre de moles 

45 dudit composS organique d'aluminium Stant compris dans I'intervalle de 1 : 1 a 1 :50, (B) a continuer la polymSrisation 

ainsi commencSe jusqu'a la conversion de monomere desirSe, et (C) a dSsactiver ensuite la polymSrisation et a 
recueillir le polybutadiSne. 



so 
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